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§38. Pollutionless Approximation of the 
Linearized MHO Operator Spectrum 
Ida, A., Fujii, O.(Department of Energy Engineering 
and Science, Nagoya University) 
Sanuki, H., Todoroki, J. 
The Linearized MHD Operator involves the essential 
spectrum. Therefore, making use of a simple method, 
it is known for the trouble, which is called the spec-
trum pollution to occur. We inspected the method 
of the MHD stability calculation with higher accuracy. 
Outline of the method is as follows. When we assume 
X E (H1 )M, Y E L!j, (where He is the Sobolev space), 
we can write the Lagrangian of the linearized MHD 
equations in the following form 
(1) 
where prime denotes the differential with respect to x, 
X and Y refer the plasma displacement normal to the 
magnetic surface and in the magnetic surface, respec-
tively. If det!A22 - AB2I f. 0 in the eq.(1), we can 
eliminate Y. We apply the finite element method for 
L[X] in which Y is eliminated. We subdivide the in-
terval [0,1] in N parts, and expand X with respect to 
the B-spline functions in each part. As for the other de-
pendent variables, we use their values at the Gaussian 
integration points. Then L[ X] is the rational expression 
with respect to eigenvalue A. By virtue of the rational 
expression, a linear eigenvalue equation equal to L[X] 
exists. Then the linear eigenvalue equation corresponds 
to replacing Y and coefficients by their values at the 
Gaussian integration points in eq.(1 ). 
We applyed this method to several problems. Let 
~ denotes the region of eigenvalue A which satisfies 
det!A22 - AB2I=O; then we did not observe the spec-
trum pollution on the region R- ~ in present cases, 
regardless of degree and continuity of the base functions 
of X and number of Gaussian integration points. Fig-
ure 1 (figure 2) shows the numerically calculated spec-
trum in case of the 0-pinch model by using our method 
(the conventional finite element method) as a function of 
the number of intervals N. In this model, analytically, 
there are discrete eigenvalues of fast waves, eigenval-
ues with infinite multiplicity of Alfven waves and slow 
waves. In figure 1, we cannot observe the spectrum pol-
lution which occurs in figure 2. But the situation on the 
region ~ differs from the situation on the region R- ~. 
When we take B-spline functions which is continuously 
176 
one or more times differentiable on neighboring elements 
as the base functions of X, the spectrum pollution occur 
on the region ~. To avoid the spectrum pollution not 
only on the region R- ~ but also on the region ~' we 
need to use functions in which the derivative is not con-
tinuous on neighboring elements as the base functions 
of X. The numerical errors in the discrete eigenvalues 
scale as N- 2P, where pis the degree of the base functions 
of X. 
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Fig. 1, The numerically calculated spectrum in case of 
the 0-pinch model by using our method as a func-
tion of the number of intervals N, where the num-
bers beside the dots denote multiplicity. 
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Fig. 2, The numerically calculated spectrum in case of 
the 0-pinch model by using the conventional finite 
element method as a function of the number of in-
tervals N, where the numbers beside the dots denote 
multiplicity. 
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